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Summary
In the present work, the fermentation of simultaneous production of ethanol and
levan by Zymomonas mobilis grown on different growth media has been studied. Yeast ex-
tract, rye stillage or sugar beet molasses stillage were used as additives to the basic su-
crose media and the chemical composition, including vitamins, of the cultivation liquids
have been determined. It has been shown that 0.5 % of yeast extract dry weight additive
could be substituted by 10.0 % of native stillage additive. It was established that molasses
stillage stimulates the ethanol synthesis, but rye stillage additive is more preferable for
levan production. The extracellular levansucrase obtained from the culture liquid resulted
in similar fructooligosaccharide-producing activities using all the above-mentioned media
additives.
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Introduction
It is well known that many industrial fermentation
media are supplemented with different sources of vita-
mins, amino acids, and other biologically active sub-
stances. The most popular growth media additives are
corn extract, hydrolysate of soy, yeast extract and other
natural products. Selection of biologically active addi-
tives depends mainly on the specific needs of a particu-
lar culture-producer as well as on the price. The wastes
or by-products of industrial technologies including
stillage from the ethanol production are promising (1).
With conventional techniques, ethanol fermentation
usually proceeds with a low concentration of reactants
(that is, 12–20 % of aqueous feedstock solutions). Thus,
the generation of stillage may amount to 10 times the
production volume of alcohol (2). Bacteria Zymomonas
mobilis is an interesting organism as a producer of etha-
nol and different by-products: levan, fructooligosaccha-
ride (FOS), sorbitol, gluconic acid (3,4). The levan pro-
ducer Zymomonas mobilis 113 »S« has been isolated in
our laboratory and its cultivation media must contain
several vitamins: pantothenic acid, thiamine, pyridoxine,
biotin, and nicotinic acid (5). Usually yeast extract is
used as an additive to the fermentation media in labora-
tory scale experiments (4). This raw material raises the
price of the industrial fermentations and therefore the
stillage was investigated as a substitute of the yeast ex-
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tract. From literature it is well known that stillage from
grain as well as from molasses contains vitamins (6).
However, Doelle et al. (7) reported that the ethanol syn-
thesising activity of Z. mobilis decreases in the sugar
cane molasses media due to the high concentration of
mineral salts. Our investigations (8) have shown that
growth of Z. mobilis in sucrose media and the ethanol
production activity are inhibited at high osmotic pres-
sure, but levan producing activity is stimulated (8).
The aim of this study was to investigate the chemi-
cal composition, including vitamins, of the cultivation
liquid during Z. mobilis fermentation using sucrose me-
dia supplemented with the yeast extract, rye stillage, or
molasses stillage, and to evaluate the influence of the
growth media on the culture growth, ethanol and levan
synthesis, and the FOS forming activity of extracellular
levansucrase.
Materials and Methods
Raw materials and culture
The sugar beet molasses stillage (further-molasses
stillage) was obtained from the company »RNS-D-Preili«
distillery in Livani (Latvia) and rye stillage from the
»Jaunpagasts Plus« Ltd. distillery (Talsi region, Latvia).
Both stillages were centrifuged at 5000 rpm during 30
min, the liquid fraction was sterilised at 1 atm for 20 min
and used as substitutes for the yeast extract (SIGMA,
Y-1625 Lot 95HO186) in sucrose media. Zymomonas mo-
bilis 113 »S« culture was used as ethanol and levan pro-
ducer (5). The culture was maintained in a liquid media
(9) containing 50 g/L sucrose, re-seeded after every sec-
ond week and stored at 4 °C.
Preparation of media
The media for culture inoculation and fermentation
were prepared from sucrose and mineral salts as de-
scribed previously (9). The media contained 2.5 g/L
KH2PO4, 1.6 g/L (NH4)2SO4, 1.0 g/L Mg SO4 × 7H2O. The
amount of 0.5 % of yeast extract was added to the con-
trol medium. The amount of the molasses and rye stil-
lages, as a substitute for the yeast extract, was deter-
mined in the previous experiments, using 5, 10 and 20
% (natural mass) of the volume of the media. The cul-
ture growth in the yeast extract media was practically
similar to that obtained using 10 % of molasses stillage.
The experiments were carried out using 10 % of molas-
ses or rye stillage as the yeast extract substitutes.
Fermentation of Z. mobilis on sucrose media
Fermentation was carried out in 0.5 L flasks (300
mL media) without aeration and mixing. The cultivation
of inoculum (the first stage of fermentation) was carried
out in media with 100 g/L of sucrose at 30 °C during 24
h, levan synthesis (the second stage of fermentation)
was carried out in media with 150 g/L of sucrose at 25
°C during the next 24 h. At the beginning of the second
fermentation stage sucrose was added to the cultivation
media.
Extracellular levansucrase isolation
and determination of FOS-forming activity
The extracellular levansucrase and levan were sedi-
mented with ethanol (75 %) from the cell free culture
liquid (10). The FOS forming activity of the extracellular
levansucrase was assayed by the incubation of levan-en-
zyme sediment with 60 % sucrose syrup as a substrate.
Levansucrase and levan were isolated from 200 mL of
the cell-free culture liquid by sedimentation with etha-
nol (75 %) and 5 g of wet sediment was incubated in 100
mL of sucrose syrup at 45 °C for 24 h.
Analytical methods
The cell mass in the culture liquid was determined
after centrifugation for 15 min (at 6000 rpm), washing
and subsequent drying at 105 °C. The optical density
was measured at 590 nm in a solution diluted 10 times.
The concentration of ethanol was measured by gas chro-
matography (Chrom 4; column Inerton AW-HDS + 5 %
PEG, T1=80 °C, T2=200 °C).
Levan was precipitated with ethanol (75 % of vol-
ume) and determined as fructose after hydrolysis of
polysaccharides (3). Sugar content was determined after
hydrolysis using the Lane-Eynon method (11). Soluble
solids were determined gravimetrically after dehydra-
tion of the sample at 105 °C.
The concentrations of glucose, fructose, and sucrose
were determined by HPLC (column Pinacle Amino 5
mm, 250 ´ 4.6 with mobile phase, acetonitrile:water 75:25,
refractive index detector). The yield of FOS was calcu-
lated from the estimated fructose, glucose, and sucrose
content in the levan-free solution before and after hy-
drolysis (12).
The content of the principal components – carbohy-
drates, proteins, and lipids, in stillage was analysed
spectroscopically (13). The concentrations of vitamins in
the cultivation media: pantothenic acid, thiamine,
pyridoxin, biotin and nicotinic acid were determined
with microbiological methods (14,15).
Results and Discussion
The chemical composition of media
Grain, molasses as well as stillages after ethanol fer-
mentation are not only valuable carbon and nitrogen
sources, but also other significant microorganism growth
media components (16,17). The infrared absorption
spectra of rye stillage and molasses stillage have been
compared (Fig. 1). Both IR-spectra could be divided into
three spectral fingerprint ranges: 3000–2800 cm–1 (fatty
acid region), 1660–1400 cm–1 (proteins, amides, nitrogen
and phosphate region) and 1200–900 cm–1 (phosphate
and carbohydrate region). In the spectra of rye stillage
the most intensive broad absorption band indicates un-
converted alleurone endosperm carbohydrates and starch.
Nitrogen compounds are presented by a broad band in
1300–1500 cm–1 region. Proteins and negligible amounts
of fats are also among the main rye stillage compounds.
The IR-spectra of molasses stillage differ quantitatively
from the one previously discussed. The main compo-
nents of molasses stillage are non-protein nitrogen, pro-
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teins and carbohydrates, mainly sucrose. The absorption
band in 1450–1300 region with maximum at 1400 cm–1 is
characteristic for betaine. This is in agreement with the
literature data (6,17) that nitrogen in molasses originates
mainly from betaine, free amino acids and proteins, 74,
8.2 and 3.0 % of total nitrogen, respectively.
The content of vitamins in media
All three kinds of the prepared cultivation media
have been analysed to determine the vitamins stimulat-
ing the growth of Z. mobilis. The results are shown in
Table 1. The optimal concentrations of vitamins in the
cultivation media for Z. mobilis growth are: 1 mg/L of
thiamine, pyridoxine, nicotinic acid, biotin and 5 mg/L
of panthotenic acid (5). Our results have shown that
some of the limiting vitamins, necessary for Z. mobilis
growth, appear in the tested media: in yeast media –
panthotenic acid and biotin; in rye stillage media – pyri-
doxine, panthotenic acid and biotin; in molasses stillage
media – thiamine, pyridoxine and biotin.
Results of the first fermentation stage
During the first fermentation stage (24 h) Z. mobilis
biomass was inoculated and the concentration reached
1.49, 0.85, and 1.2 g/L in yeast (I), rye stillage (II), and
molasses stillage (III) media, respectively (Fig. 2). It is
necessary to note that the concentration of reducing sub-
stances (RS) reached the highest content after 12 h of
cultivation and was 1.2–2.68 % in dependence of the
used media. The highest RS (2.68 %) gave the molasses
stillage media. This fact, probably, indicates that the
chemical composition of the molasses stillage has acti-
vated the hydrolytic activity of levansucrase. During 24
h of cultivation RS in all growth media samples was
practically »0«. Thus, after 24 h of inoculation the media
carbohydrates were mainly converted and only the syn-
thesised levan and sucrose remain in media.
Negligible decrease of the ethanol concentration can
be seen in the rye stillage media after the first fermenta-
tion stage in correspondence with molasses stillage me-
dia. This corresponds with the decreased Z. mobilis bio-
mass content in rye stillage media. High levan concen-
trations were obtained in yeast extract and rye stillage
media and were 1.61 and 1.59 %, correspondingly. For
the first fermentation stage the most important charac-
teristics are biomass concentration and system produc-
tivity (Qx). Calculated system productivity (Q) and pro-
duct yield (Y) are shown in Table 2. The yeast extract
additive resulted in the highest levan productivity of
0.3958 g ×L–1 ×h–1.
Results of the second fermentation stage
During the second fermentation stage (24–48 h)
mainly the synthesis of ethanol and levan occurs. Chem-
ical composition of the fermentation media at the end of
the second fermentation stage is shown in Table 3. The
yeast extract additive resulted in the most effective
levan synthesis while the molasses stillage stimulated
ethanol synthesis. Levan production was reduced in mo-
lasses media as compared with the yeast extract and rye
stillage media. The system productivity of the second
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Fig. 1. FT-IR absorption spectra of stillages: ____ rye stillage; _._._._ molasses stillage
Table 1. The content of vitamins in the Z. mobilis growth media










Thiamine 2.60 0.93 0.40
Pyridoxine 0.90 0.20 0.37
Nicotinic acid 5.40 13.40 20.00
Panthotenic acid 3.30 3.20 19.80
Biotin 0.66 0.18 0.78
fermentation stage as well as the product yields are
shown in Table 2.
The aim of the second fermentation stage was to
achieve high productivity of ethanol and levan synthesis
as well as to obtain active levan-levansucrase sediment.
In the present study, the highest ethanol production le-
vel (QP/eth = 0.4613 g ×L
–1 ×h–1) has been produced using
molasses stillage media while the highest levan produc-
tion showed the yeast extract media. It can be seen that
ethanol productivity at the second fermentation stage is



































Fig. 2. Biomass and product content changes during fermentation in different cultivation media: I-yeast extract media; II- rye stillage
media; III-molasses stillage media. The first fermentation stage lasts 24 h. At the beginning of the second fermentation stage sucrose has
been added to the cultivation media.
Table 2. The system productivity (g × L–1 × h–1) and yields (g/g) during the first and second fermentation stages
Parameter Yeast extract media Rye stillage media Molasses stillage media
1st stage 2nd stage 1st stage 2nd stage 1st stage 2nd stage
Qx 0.0521 0.0252 0.0254 0.0274 0.0371 0.0287
QP/eth 1.3675 0.4017 1.2917 0.4439 1.4473 0.4613
QP/lev 0.3958 0.9087 0.3750 0.6739 0.2250 0.5261
Yprod 0.5510 0.3272 0.6701 0.3170 0.5377 0.2771
Qx = productivity of biomass production (g × L
–1
× h–1) QP/eth = productivity of ethanol synthesis (g × L
–1
× h–1)
QP/lev = productivity of levan synthesis (g × L
–1
× h–1) Yprod = total product yield (ethanol + levan) (g/g)
Table 3. Composition/% (w/V) of the second stage fermentation media
Media pH RS Total sugars Ethanol Levan Biomass Soluble solids
Yeast extract 4.30 0 5.28 4.55 3.68 2.06 5.78
Rye stillage 4.25 0 7.18 4.46 3.16 1.48 6.74
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lower than at the first stage. Levan productivity is sig-
nificantly higher at the second fermentation stage. This
could be explained by increased amount of extracellular
levansucrase at the second fermentation stage. Total
product yields (ethanol + levan) were slightly better
when yeast extract or rye stillage media were used.
The changes of Z. mobilis biomass, total sugars, et-
hanol and levan content during the first and second fer-
mentation stages using three growth media additives is
shown in Fig. 2. The increase of total sugar content after
24 h of cultivation is a result of sucrose additive. The
content of total sugars at the end of fermentation is high
in all three fermentation media. It could be reduced by
increasing the fermentation time or by utilisation of
liquid fraction after obtaining ethanol and levan precipi-
tation as water substitute for media preparation in dis-
tillery.
The activity of extracellular levansucrase
Our further experiments were carried out to study
the correlation between the activity of extracelluar levan-
sucrase and composition of the growth media. Table 4
shows that for all of the applied growth media additives
the obtained FOS content in syrup was practically simi-
lar.
The ratio fructose:glucose in the FOS was approx.
4:1. It has been shown that the applied growth media
additives did not influence significantly the activity of
extracellular levansucrase. The results of the present
study have shown that by-products from the ethanol
production, rye and molasses stillage, are suitable
sources of biologically active components (including vi-
tamins of group B) of the industrial Z. mobilis cultivation
media.
Conclusions
The FOS synthesising activity of levan-levansucrase
complex does not depend on the source of biologically
active compounds, yeast extract or stillages, used as ad-
ditives to Z. mobilis cultivation media. Both stillages,
molasses and rye, could be used as yeast extract substi-
tutes in the media to obtain active levan-levansucrase
sediment. The ethanol yield could be increased using
molasses stillage.
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Table 4. Influence of the cultivation media on the FOS syrup composition/% (w/V)
Additive to the cultivation media RS Total sugars Glucose Fructose Sucrose FOS
Yeast extract 9.69 60.31 8.78 2.21 25.00 19.73
Rye stillage 6.80 60.20 6.85 1.36 27.12 19.47
Molasses stillage 21.49 58.8 16.46 3.46 13.20 19.91
D`ibra kao izvor biofaktora promocije rasta
i stimulator sinteze levana i ekstracelularne
levansaharoze u Zymomonas mobilis
Sa`etak
U radu je istra`ivana istodobna proizvodnja etanola i levana fermentacijom Z. mobilis
na raznim podlogama. Ekstrakt kvasca, d`ibra od ri`ine melase ili melase {e}erne repe
upotrijebljeni su kao dodaci osnovnoj {e}ernoj otopini, a odre|en je kemijski sastav podlo-
ge za uzgoj, uklju~uju}i vitamine. Pokazalo se da se 0,5 % udjela suhe tvari kva{~eva ek-
strakta kao aditiva mo`e zamijeniti s 10,0 % izvorne d`ibre. Utvr|eno je da melasna
d`ibra stimulira sintezu etanola, a d`ibra je ri`ine melase povoljnija za proizvodnju leva-
na. Ekstracelularna levansaharoza dobivena iz podloge za uzgoj, koriste}i sve navedene
dodatke, pokazala je sli~nu aktivnost proizvodnje fruktooligosaharida.
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